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INTRODUCTION

This analysis of the Sea Turtle Stranding and Salvage
Network (STSSN) data base was conducted to evaluate the
feasibility of using strandings as a real-time management tool
for protection of sea turtles   The most recent NMFS Biological
Opinion on shrimp trawling in the southeastern United States
requires that management actions be taken in response to unusual
stranding events.  Unusual stranding events are defined as
situations where 75% of twice the weekly stranding averages
(based on running averages of five) in a given statistical zone
have been exceeded for two or more weeks.  
   

The STSSN data base contains records of strandings from 1980
through 1994.  Over this time period, major differences have
existed in the amount of effort expended in documenting
strandings and in the locations where this information was
collected.  Lack of standardized sampling in the early 1980's and
lack of uniformity in survey procedures has resulted in gaps in
stranding reports for certain areas and times.  The most obvious
deficiencies exist in the Gulf of Mexico prior to 1986.  To
determine if strandings have changed significantly, mean
strandings plus or minus two standard errors for all species
combined, Kemp's ridleys and for loggerheads using the
combination of years 1980-1985 and 1986-1994 were computed and
are presented in Table 1.  

For all species combined, significant increases in
strandings were observed in the Gulf of Mexico but not in the
Atlantic.  For Kemp's ridleys, significant increases in
strandings occurred in both the Gulf of Mexico and the Atlantic. 
For loggerheads, significant increases were not observed in the
Atlantic but were evident in the Gulf.  We attribute the Gulf of
Mexico increases in loggerhead strandings and part of the
increase in Kemp's ridley strandings to increased stranding



network effort after 1985.  The remainder of the ridley increase
which occurred in both the Atlantic and Gulf is attributed to
increases in abundance.  Since one of the objectives of this
analysis is to establish a baseline for comparison with future
strandings, inclusion of Gulf of Mexico data from the early
1980's does not appear to be appropriate.  

In determining which years should be used in calculation of
a baseline for mean strandings, there are complicating factors
other than changes in stranding network effort.  The largest area
of uncertainty is the effects of on-again/off-again federal
protective measures requiring turtle excluder devices (TEDs) in
shrimp trawls.  TEDs were first required in 1987, but due to a
series of legal challenges and Congressional actions, were not
fully implemented in offshore waters until 1990 and in inshore
waters until 1994.  Throughout the TED phase-in process,
strandings have fluctuated greatly but have apparently not
diminished despite the fact that TEDs are now required at all
times in all places.    

The years 1986 and 1994 had higher strandings than any other
years, and it has been suggested that these years should be
excluded from calculations to avoid biasing means upward.  Others
have argued that these years should be included in the data base
because stranding events may be cyclic in nature and these years
may not be aberrant.  To address these concerns, our computations
were conducted both using 1994 data and excluding these data.  

Another area of consideration was species composition of
strandings.  The most common turtle in the strandings is the
threatened loggerhead, Caretta caretta.  The highly endangered
Kemp's ridley, Lepidochelys kempi, is second most abundant in the
stranding data base.  From a management standpoint, it may be
more important to identify unusual events adversely affecting the
Kemp's ridley than events impacting only loggerhead turtles. 
Therefore, we conducted analyses using all turtle strandings and
separate analyses using only Kemp's ridley strandings employing
the following data sets:

1.  Years 1987 to 1993 combined
2.  Years 1987 to 1994 combined
3.  Years 1990 to 1993 combined
4.  Years 1990 to 1994 combined

Based on the above analyses, a decision was made to use data
from all strandings and the years 1990 through 1993 in
establishing a baseline stranding level for comparison with
future strandings.  This selection was influenced by management's
determination that 1994 and 1986 exhibited unacceptably high
strandings, and that strandings of this magnitude warranted
action.  The years 1987 through 1989 were excluded because of
uncertainties regarding utilization of TEDs over that time
period, and reluctance to include data where TEDs were partially
implemented.  After 1990, TEDs were required in all offshore



waters at all times, and these regulations are currently in
effect.

ANALYTICAL APPROACH

Several analytical approaches were evaluated to determine
which provided the most useful indices of strandings.  The data
base was somewhat difficult to work with because only documented
strandings were reported.  Zeros are not included for areas and
times when effort was expended and no turtles were found.  The 
breakdown of the data base to weekly strandings by statistical
zone required construction of a matrix containing cells with zero
values in areas and weeks where no strandings were reported. 
Once the matrix was constructed, the question of normal versus
non-normal distribution of the data was addressed.  Initially,
weekly strandings in each zone/week/year combination were
examined using Wilk's test (SAS Univariate procedure) to
determine whether the assumption of normal distribution or log-
normal distribution was most appropriate.  The results of this
analysis were inconclusive.  As anticipated, in some statistical
zone/week/year cells, log-normal offered a better fit while in
other cells, normal distribution offered a better fit.  Overall,
the normal distribution appeared to offer the better fit for the
majority of statistical zones/weeks/years.  For comparative
purposes only, the data were analyzed assuming normal
distribution and again using a distribution free approach.  

Based on the above preliminary analyses, we determined that
a distribution free percentile approach would be most appropriate
for analysis of standings data.  To increase the number of data
points used in computing percentiles and to avoid large
fluctuations in weekly values, moving averages of five weeks were
employed.  This resulted in 20 data points per week (four years *
five weeks) to be used in computing 90 and 95th percentiles on a
weekly basis for all statistical zones.  

The breakdown of the data to statistical zones by week
resulted in low mean values for many areas and times, which under
the current management regime would trigger actions based on a
few strandings.   To avoid this problem, we employed a second
approach which treated large areas (for example, the northern
Gulf of Mexico - statistical zones 10-21) as single units.  The
distribution of the fleet within each unit at a given time would
be highly variable, but assuming that total weekly effort was
relatively constant between years, total weekly mortalities for
the larger areas should also remain constant.  The 90 and 95th
percentiles were computed as described above for zones 10-21
combined, 1-9 combined, 24-29 combined and 30-35 combined.

In addition to the two approaches described above, a third
set of values was computed based upon mean cumulative strandings



through a specific week. This approach provides information on
whether a particular stranding event is of such a magnitude that
cumulative strandings through that week significantly exceed
historical cumulative strandings through that week.  In
computation of cumulative values, one-sided confidence intervals
based upon the assumption of normal distribution were
constructed.  For this analysis, moving averages of five were not
used, thus limiting the sample sizes to four.  The distribution
free approach was judged to be inappropriate in this case due to
the lower sample sizes.

Using the three approaches described above, we computed
weekly means and one-sided confidence intervals by statistical
zone, by large areas combining statistical zones, and
cumulatively for large areas.  Results are presented in Apendices
1, 2 and 3.

MANAGEMENT TRIGGERS

The objective of the above analysis was to provide
management with summary statistics of past sea turtle strandings
in the Gulf of Mexico and southern North Atlantic.  Three indices
of strandings were produced to aid management in determining
whether a current stranding event is unusual with respect to past
years.  The mean values and confidence limits presented should
not be interpreted as limits beyond which the recovery of species
might be compromised.  These values are simply reflective of past
strandings; no evaluation of the biological consequences of
strandings was attempted nor is any such evaluation implied.

The determination of what level of strandings should be
established to trigger management actions is not a statistical
question.  Any value for a particular unit area can be set based
upon perceptions of what constitutes an unacceptably high number
of strandings.  As the most appropriate management guidelines, we
recommend using the combination of approaches described above
which include the parametric one sided cumulative trigger limits
and the nonparametric 90 percentile limit.     

VALIDATION

Using the values computed, we tested historical data to
determine when, and if, observed strandings exceeded our
calculated values using the three approaches.  For example, 1986
was a year of unusually high strandings, and we expected our
calculated values to be exceeded in certain statistical zones at
certain times during that year.  The year 1994 was also unusual
and we would expect our values again to be exceeded at several



times during the year.  Many of the intervening years were
relatively normal in terms of strandings and we would not expect
triggers to be activated during those years.

This validation process flagged 1986 and 1994 where
stranding rates were extremely high and where management actions
were probably warranted.  During the intervening years,
occasional events exceeded our calculated values but rarely for
all three computations.  In all cases where management actions
were taken over the time period, our calculated values were
exceeded.

Based on the above validation tests, it is our
recommendation that the three separate computations be used in
conjunction for management decisions.  As weekly stranding
reports are entered in the computer, analyses could be conducted
to determine whether weekly trigger limits for any statistical
zone were exceeded.  A second analysis would determine whether
computed values for combinations of zones were exceeded during
that week.  A third analysis would determine whether cumulative
values for the same combination of zones up to that week had been
exceeded.  If all three values were exceeded, area closures or
other management actions would be warranted.  If one or two of
these values were exceeded, additional enforcement could be
initiated to determine the probable cause of higher than expected
mortalities.  A programs used in our analysis could be used on a
weekly basis, and reports identifying potential problem areas
could be provided to SERO.  The obvious limitation of this
approach is that data from all statistical zones for a given week
must be collected and entered before these analyses can be
conducted.

DISCUSSION

The above statistical approaches to using stranding
information as a real-time management tool are logical, and may
be the best means of using stranding data to initiate management
actions.  Use of three independent indices allows management to
identify local events, and then to evaluate the magnitude of
impacts of local events as related to larger areas on a weekly
and cumulative basis.  The greatest weaknesses in the approach
are uncertainties about the strandings themselves, lack of
consistent effort and reporting of strandings in specific areas,
and serious questions about how strandings should be interpreted. 
These weakness bring into question the validity of any
statistical analysis conducted on a data set of this nature.

Perhaps the greatest problem with use of strandings data as
a real-time management tool for turtle protection is that we do
not know what portion of the turtles that die in a given area
will ultimately strand.  There is a growing body of evidence
suggesting that strandings in fact, reflect nearshore mortalities
when tides, winds, currents, etc. are predominately onshore.  If



environmental conditions favor offshore movement of turtle
carcasses, there may be considerable mortality with no
strandings.  Also, as the shrimp fleet moves further from shore
chances of strandings diminish, but mortality rates may not
diminish unless turtle densities are lower.

Strandings are directly related to the presence of beaches
and accessibility of coastline.  Chesapeake Bay, Core Sound,
Florida Bay, the area from Clearwater, FL to Apalachicola, most
of the Louisiana coast, etc. are areas where sea turtles are
unlikely to be found even if mortalities occur.  Many of these
areas do not have accessible beaches, and coastlines are composed
of extensive salt marshes.  Given logistic constraints of
sampling coastlines from small boats, an adequate index of turtle
mortalities cannot be obtained for such areas.  Furthermore,
direct comparisons between areas (statistical zones) are seldom
possible due to differences in coastlines and accessibility.

Another problem with linking management actions to
strandings is that they reflect mortalities that could be far
removed from the site of actual stranding in both time and space. 
It is difficult to determine where stranded turtles were killed
(currents, winds, tides, etc. passively transport carcasses), or
when the turtle died (state of decomposition is a subjective
observation).  For this reason, a stranding event in one area may
reflect heavy fishing activity in a different area one or two
weeks earlier.  Any management actions based on a stranding event
must therefore be broad in scope.  It is also important to note
that the operation of the shrimp fleet is such that vessels
congregate and disperse as concentrations of shrimp are located
and exploited.  The vessels involved in a given stranding event
may have already dispersed by the time turtles begin to wash
ashore and actions can be taken.   

Using past strandings in statistical zones as the only
trigger for management actions is problematic.  Statistical zones
are based on arbitrary boundaries (latitudinal and longitudinal)
of unequal shoreline distance with unequal levels of
observational effort.  The operation of the fleet is such that
effort may be concentrated in different statistical zones
throughout the year and between years.  There is also a problem
when strandings are located near statistical zone boundaries -
should one or both statistical zone be closed?  High strandings
in any given statistical zone may reflect the location of the
fleet, but may not be indicative of unusual problems.  The
opening of Texas waters if an example of concentrating most
northern Gulf effort in one place at one time.
    

High stranding rates followed by lower stranding rates in a
given area do not necessarily imply that management actions have
been successful.  When fishing seasons open, high levels of
effort on large turtle populations can result in unusually high
strandings.  As turtle populations are reduced, strandings will
decrease regardless of whether management actions are taken or



not.  Also, the fleet may simply leave an area as shrimp catches
diminish.   

Another problem with use of historical stranding totals to
trigger management actions is that provisions have not been made
for dealing with increasing populations.  If TEDs are even half
as effective as we believe, Kemp's ridley populations could have
increased significantly over the past few years.  Increased
populations mean increased CPUE and increased mortality if
nothing changes in operation of the shrimp fleet or TED
utilization.  If population increases become exponential (this is
not out of the realm of possibilities for Kemp's ridleys)
closures could be mandated for the wrong reasons.  Furthermore,
if populations were decreasing (a situation where management
actions would be imperative) historical stranding means and
triggers based on these means would never activate management
actions because number of dead turtles would diminish as
populations decreased.  Under a scenario of decreasing
populations, management based on current emergency plans would be 
totally ineffective for protection of endangered and threatened
turtles.

These are a few of the obvious pitfalls in using stranding
information to trigger or evaluate management actions.  Some
other factors that could influence stranding rates include: type
of TED used (soft of hard) and its configuration (upward or
downward shooting), level of compliance with TED regulations,
size and location (offshore or inshore) of the fleet, state and
federal closures which redistribute effort, average length of
tows, other activities in the area (dredging, explosive platform
removal, gill netting, purse seining, vessel traffic, etc.),
temperature (air and water as related to turtle metabolism),
species of turtles encountered, size of turtles encountered,
environmental conditions, target species of shrimp and type of
nets used (flat or high opening wing nets), try net capture and
mortality, etc., etc.

Because of the problems associated with interpretation of
strandings and because stranding effort and reporting has been
inconsistent between statistical zones, there are major problems
in using this information to trigger real-time management
actions.  As indicators of problem areas that may require
management attention, strandings are fine.  It is when a specific
number of strandings in an area are linked to specific management
actions, such as closures, that serious questions must be raised. 
In our view, each so-called stranding event is different and may
require different management approaches to protecting sea
turtles.  Management should use the proposed approaches as tools
for evaluating each event and not be compelled to initiate
specific management actions based on exceeding some or all
triggers.

We conclude that there are major shortcomings in use of
strandings as a real-time management tool, but the only viable



alternative may be placement of observers aboard shrimp trawlers. 
Observer programs are prohibitively costly, and the amount of
effort required to obtain reliable estimates of turtle
mortalities for the fleet is unrealistically high.  Because
adequate funding for an observer program is unlikely to become
available, management based on strandings would appear to be the
best that can be done.  






























































































































































































































































































































